Some new diorganoantimony(III) and triorganoantimony(V) compounds of Schiff bases derived from amino acids having the general formula Ph 2 Sb[OC(R)CHC(R 0 )NC(Y) COOH] [where R = CH 3 , R 0 = C 6 H 5 , Y = AH 2 CH 2 (1), ÀHCH 2 C 6 H 5 (2); R = R 0 = C 6 H 5 , Y = AH 2 CH 2 (3), AHCH 2 C 6 H 5 (4)] have been synthesized by the reaction of Ph 3 Sb with RC (O) CHC(R 0 ) NHC(Y) COOH in 1:1 M ratio. Whereas Ph 3 Sb[OC(R)CHC(R 0 )NC(Y) COOH] 2 (where R = CH 3 , R 0 = C 6 H 5 , Y = AH 2 CH 2 (5), R = R 0 = C 6 H 5 , Y = AHCH 2 C 6 H 5 (6)) have been synthesized by the reactions of Ph 3 SbBr 2 with Na [OC(R) CHC(R 0 )NC(Y) COOH] in 1:2 M ratio, respectively in anhydrous benzene. All these compounds have been characterized by elemental analyses and molecular weight measurement. Probable structures of these compounds have been proposed on the basis of spectral studies (I.R. 1 H and 13 C NMR). Schiff base (R = CH 3 R 0 = C 6 H 5 , Y = AH 2 CH 2 ) and its corresponding organoantimony(III) and -antimony(V) compounds have been screened for antimicrobial, antioxidant and antiplatelet activities. These synthesized compounds can be used as new class of antimicrobial, antioxidant and antiplatelet agents with potential for clinical development. ª 2014 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction
Bioorganometallic chemistry is dedicated to the study of biological applications of organometallic compounds with a view to design new drugs offering better performance than those already known. In recent years, the chemistry of organoantimony derivatives continues to attract the attention due to wide structural diversities [1] [2] [3] [4] . In addition to this organoantimony compounds have shown a number of biological activities such as antitumor [5, 6] , antimicrobial [7, 8] and antispermatogenic [9] [10] . Schiff bases derived from amino acid behave as unidentate [11] , bidentate [12] or bridging ligands [13] in their metal complexes. These ligands demonstrate not only a remarkable diversity in their structure, but also exhibit interesting biocidal activities [14] [15] [16] . We have reported organoantimony complexes in +3 and +5 oxidation state of Schiff bases [17, 18] derived from amino alcohols, but organoantimony(III) and -antimony(V) derivatives of Schiff bases derived from amino acids have not been reported so far. In the present investigation we report the synthesis, spectroscopic analysis, and antimicrobial, antioxidant and antiplatelet activities of organoantimony(III) and -antimony(V) compounds of Schiff base derived from amino acids. Blood platelets are involved in hemostasis. The normal hemostatic system limits blood loss by precisely regulating interactions between components of vessel wall, circulating blood platelets and plasma proteins. Platelets can adhere to the walls of the blood vessels, release bioreactive compounds and then aggregate to each other. These properties increase to a well established level under conditions of arterial thrombosis and atherogenesis that may cause life-threatening disorders such as unstable angina, heart attack and reclusions after angioplasty [19] . Therefore, inhibition of platelet aggregation is important in the prevention and treatment of cardiovascular diseases [20] .
Experimental

Materials
Solvents were dried by standard methods [21] before use. Ph 3 Sb(Aldrich) has been used as supplied. Ph 3 SbBr 2 [22] and Schiff bases [12] have been prepared by literature methods. Antimony was estimated by iodometric method [23] . 1 H and 13 C NMR spectra in CDCI 3 solution were recorded with a JEOL-FT Al 300 MHz Spectrometer using TMS an internal reference. IR spectra were recorded on an 8400 s Shimadzu FT-IR Spectrophotometer as Nujol mull on KBr cells in the range 4000-400 cm À1 . Elements (C, H and N) were recorded on a Perkin Elmer-2400 C, H, N analyzer. Molecular weights were determined cryoscopically in freezing benzene solution using a Beckmann's thermometer. Since diorganoantimony(III) and triorganoantimony(V) derivatives have been synthesized by different methods we have given here the synthesis of one compound of each series in detail. The synthetic and analytical data of analogous have been summarized in Table 1 The method was performed by the established protocol with some modifications [24] .
Physical measurements
2.5.1.1. Procedure. Chemical compounds (1 g) were mashed with a cool mortar and pestle using quartz sand and 9 mL cool 0.1 M phosphate buffer was added (pH 7.6, containing 0.1 mM EDTA). This mixture was filtered through a filter paper and centrifuged at 15,000 rpm for 10 min. The supernatant was used for the measurements. The volume was made up to 5 mL and O.D. was taken at 593 nm.
2.5.1.2. Calculation. The relative activities of samples were assessed by comparing their activities standard curve of ferrous sulfate.
Antimicrobial activity
Antimicrobial activity of chemically derived compounds was studied. Four bacterial and fungal strains were selected for the primary screening.
Microorganisms used
Clinical laboratory bacterial isolates of Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli and fungal isolates viz. Aspergillus niger, Penicillium funiculosum, Trichoderma reesei and Fusarium oxysporum were collected from the stock cultures of Microbiology Laboratory, SMS Medical College, Jaipur, India.
Preparation of samples
The 10 mg/mL of samples was dissolved in DMSO and further dilutions were made for calculating MIC value.
Culture and maintenance of bacteria
Pure cultures obtained from SMS Medical College, Jaipur, India were used as indicator organisms. These bacteria were grown in Nutrient agar medium (prepared by autoclaving 8% Nutrient agar of Difco-Laboratories, Detroit, USA, in distilled water at 15 lbs psi for 25-30 min) by incubating at 37°C for 48 h. Each bacterial culture was further maintained on the same medium after every 48 h of transferring. A fresh suspension of test organism in saline solution was prepared from a freshly grown agar slant before every antimicrobial assay.
Determination of antibacterial assay
In vitro antibacterial activity of the samples Gram positive and Gram negative bacterial strains was evaluated by the agar well diffusion method [25] . The Mueller Hinton agar was melted and cooled to 48-50°C and a standardized inoculum (1.5 · 108 CFU/mL, 0.5 McFarland) was then inoculated aseptically to the molten agar and poured into sterile petri dishes to obtain a solid medium. Wells were prepared in the seeded agar plates. The test compound (100 lL) was introduced into the well (6 mm). The plates were incubated overnight at 37°C. The antimicrobial spectrum of the chemical compounds was determined for the bacterial species in terms of zone sizes around each well. The diameters of zone of inhibition produced by the agent were compared with those produced by the commercial control antibiotics, streptomycin. The control zones were subtracted from the test zones and the resulting zone diameter was measured with antibiotic zone reader to nearest mm. The experiment was performed three times to minimize the error and the mean values are presented.
Determination of antifungal assay
Antifungal activity of the experimental plant was investigated by agar well diffusion method [26] . The yeasts and saprophytic fungi were subcultured onto Sabouraud dextrose agar, SDA (Merck, Germany) and respectively incubated at 37°C for 24 h and 25°C for 2-5 days. Suspensions of fungal spores were prepared in sterile PBS and adjusted to a concentration of 106 cells/mL. The plates were dried at room temperature for 15 min. Wells of 10 mm in diameter and about 7 mm apart were punctured in the culture media using a sterile glass tube. 0.1 ml of several dilutions of fresh chemical compounds was administered to fullness to each well. The plates were incubated at 37°C. After incubation for 24 h bioactivities were determined by measuring the diameter of inhibition zone (in mm). All experiments were made in triplicate and means were calculated. and mixed immediately with an anticoagulant to avoid foam formation. Later, it was centrifuged for 15 min at 3000 rpm and the plasma was collected in separate test tubes. Hemolyzed, lipaemic turbid samples were avoided. APTT reagent was added gently swirling before use. 100 lL each of APTT reagent and 0.025 mol L À1 CaCl 2 reagent which was used as standard, was pipetted into separate test tubes and incubated in a water bath at 37°C for 3 min. After 3 min, 100 lL of well mixed CaCl 2 reagent was added to the 37°C maintained temperature test tube containing APTT reagent and plasma and simultaneously the stop watch was started. The contents of the tube were mixed back and forth and the stopwatch was put to stop as soon as fibrin strand was visible through high powered lens in a coagulation analyzer that initiated gel clot formation. The time taken for clot formation was measured to the nearest 0.1 s. Thus the APTT value was calculated in seconds. The control was also run in parallel where chemical compounds in different concentrations (100-2000 lg mL À1 ) were added replacing the APTT reagent to evaluate the APTT activity of the test samples [27] .
Results and discussion
Diphenylantimony(III) derivatives of Schiff bases have been synthesized by the reactions of triphenylantimony with Schiff base in benzene solution. where R = CH 3 , R 0 = C 6 H 5 , Y = AH 2 CH 2 ,(5) A R = R 0 = C 6 H 5 , Y = AHCH 2 C 6 H 5 (6)] All these compounds are colored viscous liquids or solids. These compounds are soluble in common organic solvents and monomeric in nature.
I.R. spectra
The mast spectra of one of the representative compounds of both the series i.e. Ph 2 Sb[OC (CH 3 ) CHC (C 6 H 5 ) N CH 2 CH 2 COOH] and Ph 3 Sb[OC (CH 3 ) CHC (C 6 H 5 ) N CH 2 CH 2 COOH] 3 have been recorded which exhibit molecular ion peaks at m/z 508 and 832.
Disappearance of m NH band observed at 2870-2890 cm À1 in the spectra of ligands and appearance of a new band in the range 450-475 cm À1 for m Sb-N [28] indicate the deprotonation of the N-H group and the formation of antimony nitrogen bond. The intense absorption bands observed in the spectra of free ligands in the regions 1600-1610 cm À1 and 1560-1570 cm À1 have been assigned to m C‚N [29] and m C‚O, respectively. These bands are shifted to a lower wave number in the spectra of their corresponding diphenylantimony(III) and triphenylantimony(V) compounds. This indicates the involvement of these groups in bonding. The presence of another band in the region 500-550 cm À1 due to SbAO [30] confirmed the chelation. A medium intensity band due to m CO (Carboxylic group) has been observed in the region 1700-1710 cm À1 in the spectra of free ligands as well as their corresponding diphenylantimony(III) and triphenlyantimony(V) derivatives. This indicates that the group of ACOOH is not involved in bonding. 
1 H NMR
Absence of NH signal from the spectra of their corresponding diphenylantimony(III) and triphenylantimony(V) compounds (Table 2) 
13 C NMR
A comparison of 13 C NMR spectra of metal derivatives ( Table 3) [32] of these complexes is also found to be negative in the range of d À0.05 to À0.09 and d À0.14 to À1.21, respectively indicating the poor donor capability of antimony atom.
Structure
On the basis of above spectroscopic studies, disappearance of the signal for NH group, a shift in the position of C‚O and CAN groups and appearance of ACOOH group signal without any shift indicate the bidentate nature of Figure 1 Diphenylantimony(III) compound. Table 3 13 C NMR data (in ppm) of diphenylantimony(III) and triphenylantimony(V) complexes of Schiff base derived from amino acids. Whereas in triphenylantimony(V) complexes (Fig. 2) , in view of the presence of two bidentate chelate rings, three phenyl groups and monomeric nature of these complexes, the following structure is being proposed in which central antimony atom acquires pentagonal bipyramidal geometry.
Antioxidant activity
The FRAP is a simple assay that gives fast reproducible results [33] . In this assay the antioxidant activity is measured based on the ability to reduce ferric ion to ferrous ion and the results were expressed as mol ferrous ion equivalent per gram of sample. Free ligand and its organoantimony(III) compound(1) and -antimony(V) compound(5) were tested for antioxidant activity AE ranged from 500 to 750 mM/g ( Table 4 ). Highest activity was observed in compound (5) and lowest in free ligand. This shows that the presence of metallic moiety increases the antioxidant activity of ligand because their proton donor capacity was enhanced.
Antimicrobial activity
When various bacterial strains were tested against the compounds they showed some potent activity. When organoantimony(III) compound was tested maximum zone was observed against E. coli at 800 ppm while staphylococcus was found to be resistant partially. It did not show any activity at 600 ppm against P. aeruginosa. Against B. subtilis it showed maximum zone at 1000 ppm. However when organoantimony(V) compound was tested, maximum zone was observed against E. coli at 800 ppm while P. aeruginosa was found to be resistant, but against B. subtilis and S. aureus the scenario was almost the same. When free ligand is tested no zone was observed against S. aureus. Among all the compounds tested maximum potency was exhibited by organoantimony(V) compound (5) against E. coli (Table 5 ). Against various fungal strains when free ligand was tested, it was observed that all fungal strains were found to be resistant except A. niger while was just the opposite scenario as observed in organoantimony(V) compound. It gave maximum zone against F. oxysporum. Organoantimony(III) compound gave maximum zone against P. funiculosum while A. niger was found to be resistant against it. Overall maximum potency was observed in organoantimony(V) compound against F. oxysporum ( Figs. 3 and 4 ). All the extracts prolonged the clotting time as compared to control. In general, the activity was higher in aqueous extracts. Significant activity was observed at 100 lg mL À1 (19.3 times), which increased slowly up to 500 lg mL À1 (26 times) and maximum at 1000 lg mL À1 (28 times) as compared to the standard. All the compounds prolonged the clotting time as compared to standard and control run in parallel ( Table 6 ). The activity was highly significant over both standard and control in all the cases.
Activated partial thromboplastin time (APTT)
All the extracts prolonged the clotting time in terms of APTT as compared to control (+CaCl 2 ) and standard run in parallel ( Table 7 ). The aqueous fractions were found to be more potent in triorganoantimony(V) compound. The APTT activity was higher in aqueous extract of triorganoantimony(V) compound (9 and 10.75 times higher at 500 and 1000 lg mL À1 , respectively) than other compounds in comparison to standard and control run parallel. The aqueous extracts of chemical compounds prolonged the clotting time maximum up to 430 and 362 s (+10.75-and 9-fold higher), respectively at 1000 lg mL À1 and remained marginally at par on further increase in dose concentration.
During the initial stage of thrombosis, damage in blood vessels causes the production of adhesive proteins and soluble agonists at the injury site. This event then stimulates platelet adhesion, activation and aggregation, resulting in the formation of a platelet-rich thrombus [34] . Activated platelets facilitate thrombin formation by providing a catalytic surface on which coagulation activation can occur. Thrombin not only is responsible for the formation of fibrin but also acts as an extreme platelet activator. The growing aggregation of activated platelets is eventually stabilized by cross-linked fibrin and results in the formation of a platelet-rich thrombus [35] . Increased platelet aggregation (PA), as a result of increased platelet sensitivity to agonists in vivo, contributes to the initiation and progression of atherosclerosis and occurrence of thrombotic events [36] . Platelet aggregation, which is associated with an increased release of reactive oxidative species [27] and platelet-vessel wall interactions [37] results in damage to the vascular endothelium [38] .
Conclusion
A comparison of these diphenylantimony(III) and triphenylantimony(V) compounds showed that the coordination pattern of ligand in both cases remains the same. Strong electron attracting tendency of antimony in +5 oxidation state is reflected by more downfield shift of >C‚O and >C‚N carbons in 13 C NMR spectra. The rR°and d 0 values for triphenylantimony(V) complexes are more negative than diphenylantimony(III) complexes, which indicate more electron transfer from central metal to the phenyl group. These compounds exhibit comparable pharmacological effects which may lead to their substitution of harmful synthetic compounds which may cause side effects acting as threat to metabolism of humans. Organoantimony(V) compound was found to have more potential antimicrobial, antiplatelet and antioxidant activities, which may have therapeutic ventures in future and it may inhabit the formation of free radicals in the body which may damage the basic human metabolism. Due to the enhanced coordination ability triorganoantimony(V) compounds show different behaviors than their corresponding diorganoantimony(III) compounds. Standard value for APPT [plasma + activated cephaloplastin (APPT reagent); 1:1:1] = 15 s Control = (plasma + distilled water + Cacl 2 ). * s times higher than standard. ** c times higher than control.
